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[57] ABSTRACT

A waste heat recovery apparatus is disclosed which
recovers the waste heat of high temperature exhaust gas
discharged from a furnace. The apparatus includes a
radiation body made of ceramic material, which is
formed with a heat radiation surface arranged adjacent
to an exhaust gas outlet of the furnace, and directed
toward the inside of the furnace. The radiation body has
a plurality of regular channels allowing passage of the
exhaust gas therethrough. Exhaust gas passes through
the channels and heats the radiation body, and a sub-
stantial amount of the holding heat of the exhaust gas is
radiated from the radiation surface toward the inside of
the furnace, allowing an efficient waste heat recovery.

4 Claims, 3 Drawing Figures
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1
WASTE HEAT RECOVERY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a waste heat recov-
ery apparatus for the recovery of waste heat of an ex-
haust gas discharged from a high temperature furnace,
such as an industrial furnace.

2. Statement of the Related Art

Conventionally, in order to improve the thermal

efficiency of various furnaces, use has been made of

heat exchangers for recovering the waste heat of high
temperature exhaust gas discharged from the furnace.
The recovered waste heat s used, for example, to pre-
heat fresh combustion air to be supplied to the furnace.
The heat exchanger used for this purpose is generally
provided with metallic radiation tubes having a limited
heat resistivity. Thus, when the exhaust gas temperature
exceeds 800° C., for example, the gas cannot be supplied
to the heat exchanger directly because of the insuffi-
cient heat resistivity of the metallic radiation tubes.

It has therefore been considered necessary to add a
substantial amount of cooling air, or other suitable cool-
Ing gas, to the exhaust gas before the latter is supplied to
the heat exchanger, to thereby lower the exhaust gas
temperature below 800° C. With the addition of the
cooling gas, however, exhaust gas post-treating equip-
ment, such as a scrubber, connected on the downstream
side of the heat exchanger and used to remove harmful
SOx and NOx compositions contained in the exhaust
gas, 1s charged with an increased amount of gas. The
capacity of the post-treating eguipment has to be in-
creased, and this is disadvantageous from an economical
viewpoint. Moreover, in the above-mentioned arrange-
ment of a known waste heat recovery apparatus, the
temperature of the exhaust gas discharged from the heat
exchanger remains as high as 500°-600° C., even after
the recovery of the waste heat by the heat exchanger.
The heat recovery rate thus amounts to only 40-50%,
so that an improvement in the overall thermal efficiency
of the furnace can be achieved only in a limited range.
This 1s due to the fact that a substantial amount of the
holding heat of the exhaust gas is wasted as heat added
to the cooling gas, and cannot be recovered efficiently.

As an alternative approach, it is known to make use of
a heat exchanger with radiation tubes made of a ceramic
material, through which the exhaust gas at a tempera-
ture above 800° C. can be passed directly, without re-
quiring addition of a cooling gas. However, such a heat
exchanger is very expensive and the cost is, for exam-
ple, 5-10 times higher than that of a conventional metal-
lic radiation tube-type heat exchanger. This approach,
too, is quite disadvantageous from an economical view-
point.

With the above-mentioned prior technology, there-
fore, it has been considered extremely difficult or al-
most impossible to efficiently and economically recover
the waste heat of high temperature exhaust gas at a
temperature as high as 1,000° C. or more.

SUMMARY OF THE INVENTION

Consequently, the present invention contemplates the
elimination of the above-mentioned problems, by pro-
viding a novel and improved waste heat recovery appa-
ratus which makes it possible to efficiently and econom-
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2

ically recover waste heat directly from the exhaust gas
at a temperature as high as 1,000° C. or more.
According to the present invention, there is provided
a waste heat recovery apparatus for recovering the
waste heat of exhaust gas discharged from an exhaust
gas outlet of a high-temperature furnace, said apparatus
comprising a radiation body which consists essentially
of a ceramic material, said radiation body having a heat
radiation surface adapted to be arranged near said ex-
haust gas outlet and toward the inside of the furnace,
and a plurality of regular channels extending through
the ceramic material from said heat radiation surface
and allowing passage of the exhaust gas therethrough.
Provision of the radiation body arranged near the
exhaust gas outlet of the furnace makes it possible to
primarily recover the heat of the exhaust gas, and to
radiate the recovered heat directly into the inside of the
furnace, so that the heat recovery rate can be improved
considerably. On the other hand, the temperature of the
exhaust gas passed through the radiation body has been
lowered solely due to the primary heat recovery, so that
the heat exchanger to be arranged on the downstream
side of the radiation body does not need to be of an
expensive structure. Because additional cooling gas is
not required to lower the temperature of the exhaust gas
to be passed through the heat exchanger, the capacity of

the exhaust gas post-treating equipment need not be
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic front view, partly in section, of
the waste heat recovery apparatus according to one
embodiment of the present invention incorporated on a
high-temperature furnace;

FIG. 2 1s a sectional view, in an enlarged scale, of the
apparatus shown in FIG. 1; and

FI1G. 3 1s a schematic view, similar to FIG. 1, show-
ing another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the accompanying drawings, there
1s shown in FIG. 1 a high-temperature furnace desig-
nated generally by the reference numeral 1, which may
be a burning furnace, heating furnace, drying furnace,
or the like, and to which the present invention is ap-
plied. The furnace 1 has a burner 2 for heating the
chamber within the furnace 1, and is associated with a
heat exchanger 3 for recovering the waste heat of the
exhaust gas discharged from the furnace 1. More partic-
ularly, in the 1llustrated embodiment, the heat ex-
changer 3 is inserted into an exhaust gas duct 4 which
serves to discharge exhaust gas from the furnace 1, and
1s arranged such that fresh combustion air supplied by a
blower S under pressure is pre-heated by the recovered
waste heat of the exhaust gas. Thus, the heat exchanger
3 1s also located in a combustion air passage 6 with one
end connected to the blower 5 and another end con-
nected with the burner 2. For this purpose, various
types of heat exchangers may be used, such as shell
type, radiation tube type, honeycomb type, and the like.

According to the present invention, there is provided
a novel waste heat recovery apparatus which is ar-
ranged in the vicinity of an exhaust gas discharge open-
ing 7 formed in a wall of the furnace 1, and on the inlet
side of the heat exchanger 3. This apparatus has a plural-
ity of regular channels 8 allowing passage of the exhaust
gas therethrough, and consists essentially of ceramic
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material formed as a radiation body 9 with a heat radia-
tion surface disposed toward the inside of the furnace 1.
The radiation body 9 in the embodiment illustrated in
FIG. 1, is arranged within the housing of the heat ex-
changer 3 and forms with the latter a unitary assembly.

Preferably, the radiation body 9 comprises a honey-
comb structure of a ceramic material, such as cordierite,
mullite, alumina or the like, with a plurality of partition
walls 10 defining the channels 8. When high-tempera-
ture exhaust gas is discharged from the furnace 1 and
flows through the duct 4 and channels 8 in the radiation
body 9, the radiation body 9 is heated by the exhaust gas
and radiates a substantial amount of heat from the heat
radiation surface toward the inside of the furnace 1,
thereby allowing a primary recovery of the waste heat
of the exhaust gas.

Because the waste heat of the exhaust gas 1s to be
radiated from the radiation body 9 toward the inside of
the furnace 1, in order to prevent an undesirable de-
crease in the heat recovery efficiency, the arrangement
of the partition walls 10 of the honeycomb structure, or
the channels 8 defined by the partition walls 10, should
be such that objects on one side of the radiation body 9
are not visible from another side of the radiation body 9
through the channels 8. Thus, as shown in FIG. 2, the
partition walls 10 of the radiation body 9 are inclined
with respect to the longitudinal axis of the exhaust gas
- duct 4, which extends perpendicularly to the heat radia-
“tion surface of the radiation body 9, at an angle within
a range of from 5° to 60° ,preferably from 15° to 30° .

For the same reason, when the radiation body 9 con-
sists of a plurality of layers of honeycomb structures, as
shown in FIG. 2, these structures are preferably ar-
ranged such that the channels 8 or partition walls 10 of
one layer are contiguous with the channels 8 or parti-
tion wals 10 of at least one adjacent layer in a zig-zag
fashion.

Advantageously, the radiation body 9 consists of two
or three layers of a honeycomb structure, since provi-
sion of an excessive number of such layers results in an
increased pressure drop of the exhaust gas. The honey-
comb structure which may be suitably used in the pres-
ent invention is typically featured by an equivalent
channel diameter of 3 to 50 mm, a partition wall thick-
ness of 1 to 10 mm, and an open frontal area of 30% or
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more. Also, the radiation body 9 has a typical overall
thickness of 50 to 300 mm.

By making use of such a radiation body 9, it becomes
possible to prevent accumulation, onto the surface of
the partition walls 10, of dust contained in the exhaust
gas and prevents the channels 8 from being clogged by
the dust, and thus minimizes the pressure drop of the
exhaust gas across the radiation body 9.

The radiation body 9, when heated by the exhaust
gas, radiates heat not only toward the inside of the
furnace 1, but also into the heat exchanger 3. However,
by using the radiation body 9 formed with a plurality of
inclined channels 8, as shown in FIG. 2, the exhaust gas
flow speed along the surface of the partition walls 10,
which faces the inside of the furnace 1, is greater than
that along the opposite surfaces of the partition walls
10. This results in a difference in the resistance of heat
transfer between the exhaust gas flow and the partition
walls 10 through the boundary layer of the gas flow on
both sides of the partition walls 10, by which the tem-
perature on the surface of the partition wall 10, which
faces the inside of the furnace 1, becomes higher than
that on the opposite surfaces of the partition walls 10.
Consequently, a substantail amount of the waste heat
can be directly radiated toward the inside of the furnace
1, and the heat recovery efficiency can be improved.

FIG. 3 shows another embodiment of the present
invention, wherein the same reference numerals used in
FIGS. 1 and 2 denote the same or functionally eguiva-
lent elements. In this embodiment, the radiation body 9
is secured directly to the wall of the furnace 1 at a
location corresponding to the exhaust gas discharge
opening. Such an arrangement of the radiation body
serves to improve the efficiency of the waste heat re-
covery by the radiation body, because the heat radiated
from the radiation body 9 toward the inside of the fur-
nace 1 is completely used to heat the furnace, and no
part of the radiated heat is wasted to heat the exhaust
gas duct 4.

The apparatus of the present invention explained
above has been used for waste heat recovery in a heavy
oil burning furnace with a capacity of 1,000,000 kcal/H,
and the data so obtained is shown in the following table.

Radiation body Exhaust
Equivalent  Angle Exhaust gas temperature (°C.) gas Input heat
channel of the Number Qutlet Inlet of Qutlet of  pressure capacity  Waste heat  Thermal
diameter  channel of of the the heat the heat drop (fuel) capacity  efficiency

(mm) (degree) layers furnace exchanger exchanger (mm Aq) 10°kcal/H 103 kcal/H (90)

1 6 0 3 1,000 880 690 2 950 370 34
2 6 5 3 1,000 760 580 3.5 860 280 37
3 6 10 3 1,000 780 580 4 860 280 37
4 6 15 3 1,000 780 570 4 850 270 38
5 6 30 3 1,000 760 560 4 840 260 38
6 6 45 3 1,000 780 570 4.5 830 270 38
7 6 &0 3 1,000 770 560 3 840 260 38
8 6 75 3 1,000 780 550 10 840 260 38
9 6 15 2 1,000 790 590 2.5 870 290 37
10 6 15 1 1,000 830 640 2.5 900 320 36
11 3 15 3 1,000 770 580 5.5 860 280 37
12 ] i5 3 1,000 760 570 7 850 270 38
13 15 15 3 1,000 790 580 3.5 860 280 37
14 30 15 3 1,000 800 600 4 870 290 37
15 40 15 3 1,000 790 590 3.5 870 290 27
16 45 15 3 1,000 800 650 3 910 330 35
17 6 10-30 2 1,000 790 580 4 860 280 37
18 6 10-15-30 3 1,000 760 570 4 850 270 38
19 — e — 1,000 950 750 1.5 1,000 420 32
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This data reveals that, in accordance with the present
invention, the total heat quantity radiated from the

radiation body 9 into the inside of the furnace 1 amounts

to 30% or more of the holding heat capacity of the
exhaust gas. Moreover, the heat of the exhaust gas
which has passed through the radiation body 9 is further

recovered by the heat exchanger 3 arranged on the
downstream side of the radiation body 9 as shown in
FIG. 1, so that the overall waste heat recovery effi-
ciency of the furnace 1 can be improved up to about
60-70%. |

Because the radiation body 9 consists essentially of a
ceramic material, it can be used with a furnace whose
Inside 1s to be maintained at an extremely high tempera-
ture of 1,000 to 1,500° C. Formation of regular channels
8 in the radiation body 9 ensures that the pressure drop
of the exhaust gas across the radiation body 9 can be
minimized below 10 mm Agq or less, and thus the chan-
nels are prevented from being clogged by dust, and can
be used for a long time without particular maintainance.
Furthermore, the temperature of the exhaust gas passed
through the radiation body 9 is decreased considerably,
due to the primary waste heat recovery. Therefore, the
thermal load to which the heat exchanger is subjected
to can be reduced, and hence the heat exchanger does

not need to be of an expensive structure.

The present invention thus provides a complete solu-
tion to various problems inherent to the conventional
arrangement, wherein waste heat recovery is solely
effected by a heat exchanger.

What is claimed is:
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1. A waste heat recovery apparatus for recovering
waste heat of an exhaust gas discharged toward an
exhaust gas outlet of a high-temperature furnace, said
apparatus comprising a radiation body which includes
at least two .ceramic material layers having a honey-
comb structure with a plurality of partition walls, said
plurality of partition walls defining a plurality of regular
channels which extend through said radiation body
from a first end thereof to a second end thereof, said
plurality of regular channels permitting the passage of
the exhaust gas therethrough, said first end of said radia-
tion body being located adjacent to said exhaust gas
outlet and directed toward an inside portion of the
furnace, wherein each of said plurality of partition walls
are inclined at an angle within a range of 5° to 60° with
respect to an axis which i1s perpendicular to said first
end of the radiation body.

2. The apparatus as claimed in claim 1, wherein said
range of the inclination angle is 15° to 30° .

3. The apparatus as claimed in claim 1, wherein said
radiation body comprises a plurality of ceramic material
layers having a honeycomb structure, said partition
walls being inclined with respect to said axis such that
partition walls of adjacently stacked layers are arranged
in a zig-zag fashion along said axis.

4. The apparatus as claimed in claim 1, further com- -
prising a heat exchanger communicating with said sec-
ond end of the radiation body, said heat exchanger
being adapted to pre-heat fresh combustion air to be

supplied to the furnace.
* % X % x
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